


1963 KVICHAK RIVER RED SALMON SMOLT STUDIES 

Introducti on 

The 1963 Kvichak River smolt studies were conducted by the Alaska Department 
of Fish and Game. The Division of Commercial Fisheries provided material and 
personnel for t h i s  project. Mr. Richard Marriott (presently with the Division 
of Sport Fish, A D F & G )  served as project leader and author of th i s  report. 
Others assis t ing in the analysis of the data and the editing and  assemblage 
of thi  s report were Mr. Steven Pennoyer, Mr. Melvi n C .  Sei be1 , and Mr. Frank 
Ossiander. 

Relative abundance indices of the Kvichak River red salmon smolt migration 
started by the Fisheries Research Ins t i tu te  in 1955 and maintained by the 
Alaska Department of Fish and Game since 1961, have been used as one method of 
predicting the s ize of returning salmon runs. These predictions are needed 
for  the planning of industry operations and for subsequent management regula- 
tions. However, the major long-term value of the study appears to  be in the 
evaluation of the survival of the progeny of various spawning escapement levels 
for establishing the most e f f ic ien t  management of the resource. The 1963 smolt 
migration of Age I1 smolts ( f i sh  that  have spent two winters in the lake a f t e r  
hatching) was of particular concern, for the 1960 parent escapement of 14.6 
million red salmon was the largest  recorded in over 10 years of observation. 
Furthermore, the 1962 smolt migration age Age I smolt ( f i sh  tha t  have spent one 
winter in the lake a f t e r  hatching) from th i s  same parent escapement was only 
about 30 percent of the expected magnitude. This l a t t e r  resu l t  aroused specu- 
lation tha t  e i ther  there had been a large holdover of Age I1 smolts or a higher 
freshwater mortality affecting the progeny of the 1960 escapement. Increased 
mortality could be due to  a number of factors ,  b u t  because of the exceptionally 
large s ize of the 1960 escapement, possible over-util ization of the rearing 
areas in Lake Iliamna was the most discussed hypothesis. 

0b.iecti ves 

The objectives of the smolt work are: (1 ) to  determine the relat ive abundance 
of the 1963 smolt migration by a method comparable with previous years; ( 2 )  to  
determine the age, s ize ,  and condition of the 1963 smolts; (3) t o  evaluate the 
implications of the smolt data collected since 1955; and (4 )  t o  include an out- 
l ine  of procedures that have evolved in the collection and analysis of data 
from the Kvichak River smolt program. 

Attention should be given to  publications produced in connection with th i s  study 
in previous years as noted in the l i t e ra tu re  ci ta t ions.  The author has freely 
used data from these publications without reference. 

General Met hods 

Since to ta l  enumeration of smolts has n o t  yet proved feasible in the Kvichak 
River, an indexing approach has been maintained throughout the years of obser- 



vation.  This indexing cons i s t s  of f i shing a standard fyke net  in the  same 
location and depth each year t o  obtain a comparative catch.  The ne t  of one- 
inch cotton mesh i s  s e t  in 4 f e e t  of water and f i she s  a nine-foot wide section 
of the r i ve r .  As no e f f o r t  i s  made t o  est imate the t o t a l  outmigration, the 
seasonal index catches cannot be used f o r  determination of absolute freshwater 
survival ,  b u t  a r e  considered t o  furnish  a r e l i ab l e  yearly comparison. 

In the  ea r ly  years 1955 through 1961, only the catches during the 3-hour index 
period (2200 t o  0100) were used f o r  ca lcula t ions  since t h i s  i s  the  time period 
when the  major portion of the migration usually occurs. However, from exten- 
s ive  24-hour catch data collected in more recent years ,  i t  became apparent 
t h a t ,  especia l ly  during years of large outmi gra t ion,  the catch d i s t r ibu t ion  
over a 24-hour period f luc tua tes  g rea t ly ,  producing a l a rger  r e l a t i ve  percent- 
age of migration during the non-index hours. Due t o  these large  f lucu ta t ions  
in migrations of smolt during the  non-index hours, any r e l a t i ve  production 
index based on f i sh ing  only a 3-hour period cannot adequately r e f l e c t  changes 
in smolt abundance from year t o  year. For t h i s  reason 24-hour f i sh ing  was 
i n i t i a t e d  on the  Kvichak River in 1962 and wi l l  be continued in  fu tu re  years.  
However, s ince only four years of actual 24-hour sampling (1957, 1958, 1962, 
and 1963) a re  presently ava i l ab le ,  much of our analys is  and thinking may have 
t o  be based on 3-hour indices,  f o r  which we have a complete nine year s e r i e s ,  
unt i l  more accurate 24-hour data i s  col lec ted.  

For the sake of comparison, in the  1962 Kvichak smolt repor t  visual observa- 
t ions  and l imited sampling r e su l t s  were used t o  expand the smolt indices f o r  
the years 1955, 1956, 1959, 1960, and 1961 t o  a 24-hour basis .  This derived 
24-hour s e r i e s  i s  used i n  t h i s  report  f o r  comparison with the 1963 outmigration. 

A catch uni t  ca l led  an index point was defined t o  compare year index catches.  
Each y e a r ' s  catch was assigned an index value using 1958 as  the base year .  The 
1958 catch of 3,334,000 smolts, as  expanded t o  the 24-hour base, was assigned a 
value of 100 index points .  Consequently, a year with a seasonal catch of 
1,667,000 smol t ,  using the 24-hour index base, would represent  a value of 50 
index points .  The or ig inal  3- hour index a1 so used 1958 a s  the base year.  In 
1958 an estimated 1,912,767 smolt were caught during the index hours 2200-0100, 
and t h i s  number of smolt was equated t o  100 index points. Therefore, one 3-hour 
index point i s  equal t o  19,128 smolt. The 1963 smolt outmigration wil l  be given 
i n  terms of both 24-hour and 3-hour index points in t h i s  repor t .  

To safe ly  handle the  large numbers of smolts caught in the  fyke ne t ,  photo- 
e l e c t r i c  counting methods have been developed in recent  years t o  replace the 
use of cod-ends. The photo-electr ic counter cons i s t s  of a metal tunnel 
attached t o  the  th roa t  of the fyke net .  Two l i g h t s  and two corresponding 
photo-cells a r e  mounted i n  the tunnel so t ha t  passing smolts wi l l  break the 
l i g h t  beams and be recorded on automatic counters in the fyke ne t  s k i f f .  
Because t h i s  pa i r  of photo-cells only counts approximately one-seventh of 
the passing smolts, the counting apparatus must be per iodical ly  ca l ibra ted 
by at taching a cod-end behind the  tunnel and obtaining the number of smolts 
caught per s e t  number of counts on the  counters. These periods o f  ca l ib ra t ion  
also enable smolt samples t o  be obtained f o r  determining age and condition. 



Index of Abundance of the 1963 Migration 

The 1963 smolt index was obtained by f i sh ing  the standard smolt fyke net  a t  
the index s i t e  on a 24-hour bas i s ,  using the  same procedures as  in previous 
years.  The use of photo-electr ic counters was maintained whenever possible 
t o  f a c i l i t a t e  handling the large  numbers of smolts in the  1963 outmigration. 

Fyke ne t t ing  operations began on May 15 when the water temperature was 36.5" 
Fahrenheit. Despite some ice  flow, in te rmi t t en t  f i shing was maintained throuah 
the evening of May 19. During t h i s  time an estimated t o t a l  of only 203 smolts 
were caught. From May 20 through May 23 the outflow of ice  from Lake Iliamna 
was too heavy f o r  boats t o  venture on the  r i ve r  f o r  smolt observations of any 
type. S ign i f i can t ly ,  during t h i s  time, water temperatures remained we1 1 below 
36" Fahrenheit. In a1 1 past  years of observation, no s ign i f i can t  smolt migra- 
t ion has ever occurred when water temperatures were below t h i s  level .  On May 
24, the water temperature rose t o  36" F .  and the  i c e  cleared enough fo r  sporadic 
f i sh ing  during the afternoon and f i r s t  evening index hour (2200-2300). Good 
catches were made during the  periods t h a t  were f ished and observations made dur- 
ing the remainder of the night indicated t h a t  a substant ia l  migration had begun. 
Again on May 25 extremely heavy ice  flow cur ta i l ed  a l l  smolt observations, 
although the water temperature remained above 36" F. By the  evening of May 26, 
conditions had improved enough f o r  a 2-hour s e r i e s  of catches,  during the index 
hours. Despite moderately heavy catches,  i t  was possible t o  maintain the net  
without the  use of photo-counters in  order t o  enablequick collapse and r e se t t i ng  
among ice  flows. From May 27 through June 1 ,  i ce  continued t o  plague the  oper- 
a t i on ,  b u t  did not cu r t a i l  f i sh ing  fo r  any extended period nor prevent the use 
of photo-counting equipment. Fyke ne t t ing  continued unt i l  June 16 when the 
program was terminated. 

In 1962 the  s e n s i t i v i t y  of the  photo-electr ic counters was adversely influenced 
by f au l t y  rheosta ts .  Consequently, i n  1963 the  photo-electr ic counter u n i t s  
were operated a t  f u l l  s e n s i t i v i t y  without rheosta t  adjustment. 

Basic photo-electr ic counter ca l ib ra t ion  data i s  given in Table 1. This t ab l e  
gives the individual photo-electr ic counts per minute, the fyke net  catch per 
minute and the corresponding r a t i o s  of smolt per photo-electr ic count. In 
addi t ion,  a p lo t  of fyke net  catch per minute against  photo-electr ic counts 
per minute i s  shown in Figure 1 .  The l i nea r  corre la t ion coef f i c ien t  r = 0.958 
represents a highly (99% level ) s ign i f i can t  1 inear  corre la t ion between these 
two var iab les ,  and the  resu l t ing  l i nea r  regression l i n e  i s  a l so  shown in Fig- 
ure 1. The data i n  Table 1 includes a wide range of counting r a t e s  and passage 
r a t e s ,  with up to  2,000 counts per minute and catches up t o  13,500 smolt per 
minute. The heaviest passage r a t e s  previously recorded using photo-electric 
counters were 2,200 smolt per minute in 1962 and 2,900 smolt per minute in 
1959; these r a t e s  being approximately one-f i f th  the  1963 maximum. 

The s l i g h t  decrease in counter e f f i c iency ,  with higher passage r a t e s ,  a s  evi- 
denced by the f a c t  t h a t  the l i n e  in Figure 1 does not pass through the  o r i g in ,  
corresponds with the evidence of reduced eff ic iency during high migration 
level s which occurred in 1959 and 1962. I t  was f e l t  however t h a t  t h i s  r e la -  
t i ve ly  small change in counter ef f ic iency would be compensated f o r  by using 
the dai ly  r a t i o s  of smolt per photo-electr ic count. I t  should be noted t h a t  
there  was very l i t t l e  difference between these da i ly  r a t i o s .  
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Figure 1 .  Comparison of photo-electric counter r a t e s  and fyke net  passage 
r a t e s  - Kvichak River, 1963. 



Observation of the cod-end catch per photo-electric count r a t i o  i n  Table 1 
gave no evidence of changed counter ef f ic iency during the season. However, 
enough dai ly  differences did occur t o  warrant the use of da i ly  catch per count 
r a t i o s  instead of a seasonal average value. In days where no conversion fac- 
t o r s  were obtained, the seasonal average of 7.21 smolt per photo-electr ic 
count has been used. 

Table 2 shows the d i s t r ibu t ion  of fyke net  catches by day fo r  the various time 
periods in to  which the data was a r b i t r a r i l y  divided. These a re  1200-2200, the 
index hours (2200-2300, 2300-2400, 0000-0100) and 01 00- 1200 hours. The data 
in  t h i s  t ab l e  has been subjected to  only preliminary analysis .  Photo counts 
have been converted in to  numbers of smolt and t o t a l  catch per time period per 
day has been derived by expanding avai lable  counts within the  time period. 
Dashes indicate  t h a t  no count was made and zeros indicate  t h a t  the period was 
f ished b u t  there  was no catch. Other items of i n t e r e s t  a r e  footnoted. Figures 
in parenthesis under the index hour columns represent  hours not ac tua l ly  f ished.  
They were calculated by expanding catches f o r  index hours t h a t  were f ished on 
the same date.  The 24-hour t o t a l  column l i s t s  catches only f o r  complete days. 

Table 3 shows the catch r a t i o s  between time periods. The t o t a l  catches fo r  
o ther  periods a r e  compared with the  3-hour index t o t a l  f o r  corresponding days 
and a r a t i o  between the  two i s  given. These seasonal r a t i o s  are  used t o  e s t i -  
mate missing periods in Table 4. The r a t i o s  a r e  numbered and estimated catches 
in Table 4 a re  correspondingly numbered t o  ident i fy  the r a t i o  used t o  derive 
them. 

Table 4 shows the f i na l  estimated catches by time period and day and the  24-hour 
index points derived from them (one index point = 33,340 smolt) .  Figures i n  
parenthesis  have been e i t h e r  derived from the seasonal period catch r a t i o s  
( i den t i f i ed  by numbers) o r  subjective in terpola t ion (footnoted).  

Subjective treatment of the data has been kept as  conservative a s  possible.  
However, due t o  i ce  conditions there  were many hours and even days when the  
net  could not be f ished.  Interpolat ion f o r  missing periods o r  days (by e i t h e r  
subjective treatment o r  period catch r a t i o s )  accounted f o r  approximately 17.8 
index points. Another source of possible e r r o r  was the expansion of small 
samples within a time period t o  represent  the  whole time period. Expanded 
catches f o r  time periods in which l e s s  than 30% of the  hours within the period 
were adequately sampled on a given day accounted f o r  approximately another 9.3 
index points. However, the 9.3 index points  i s  not necessari ly an over-estimate, 
s ince several zero counts were a l so  expanded t o  cover whole periods. In t o t a l  
then,  approximately 27.1 index points  were arrived a t  by expansion of small 
samples o r  in terpola t ion of one form or  another. This amounts t o  only 21% of 
the  t o t a l  index of 126.86. This t o t a l  ca tch,  being 1.3 times the magnitude 
of the record 1958 Kvichak River smolt migration, i s  considered t o  be an index 
measurement of the  l a rges t  smolt migration ever observed. 

The dai ly  index catches from Table 4 have been plot ted  in Figure 2.  



Table 1.  Red salmon smolt pho to -e l ec t r i c  c a l i b r a t i o n  data  - Kvichak River,  
1963. 

Dai ly  Minutes  Photo- Fyke Smolts Dai ly  Photo Fy:i: Net 
p e r i o d /  Hour E l a p s e d  Counter  Net p e r  ~ m o l t s / c o u n t  Counts Catch 

T a l l y  Catch T a l l y  p e r  Minute Per Minute 

0000 0 - 3  - 200 - 1475 7.38 667 49 1 2  
Daily T o t a l s  3780 29,995 7.94 
5/28-29 1300 8.1 200 1848 9.24 25 227 

0000 0.2 - 200 - 1292 6.46 1000 6460 
Dai ly  T o t a l s  600 4432 7.39 
5/29-30 1800 33.7 75 402 5.36 2 1 2  

2200 4.0 200 1062 5.31 50 266 
2200 1.9 200 1020 5.10 1 0  5 5 4 1  
2200 3.8 200 960 4.80 5 2 250 
0000 18.7 200 1037 5.18 11 5 5  
0000 32.8 64  366 5.72 2 11 - - 

Dai ly  T o t a l s  939 4847 5.16 
6/2-3 2200 12.4 200 1273 6.36 16  1 0  3 

2300 6.0 200 1292 6.46 3 3 216 
0000 3.3 200 1104 5.52 6 1 335 
0000 18.2 200 726 3.63 11 40 - - 

D a i l v  T o t a l s  800 4395 5.49 
6,"s-6 2200 50.0 228 1491  6.54 5 30 

0000 28.0 135  1349 9.99 5 49 
0000 24.Q - 147 - 1207 8.21 6 5 1  

D a i l y  T o t a l s  510 4047 7.94 
6/6-7 0000 22.8 - 200 - 1235 6.18 9 5 4  
D a i l y  T o t a l s  200 1235 6.18 

(Cont inued) 



Table 1. Red salmon smolt photo-electric calibration data - Kvichak River, 
1963 (continued). 

D a i l y  Minutes  Photo- Fyke Smolts  Da i ly  Photo Fyk;? Ner 
period&/ Hour E lapsed  Counter  Net p e r  ~ m o l t s / c o u n t  Counts Catch 

T a l l y  Catch T a l l y  p e r  Minute Per  ?lir.utc 

6/7-8 1500 14.0 210 1872 8.91 1 5  1 3  5 
2100 0.8 200 1872 9.36 250 23 LC(? 
2100 10.0 200 1314 6.57 2 0 1 3  1 
2200 3.5 200 1346 6.73 5 8 390 
2300 1.3 200 1606 8.03 1 5 4  1237 
0000 0.7 200 1750 8.75 286 2502 
0000 0.5 200 1600 8.00 LC00 3200 
0000 1.6 200 1452 7.26 1 2 4  900 
0000 4 - 5  - 200 - 1340 6.70 44 29 5 

D a i l y  T o t a l s  1810 14,152 7.82 
6/11-12 1500 9.6 200 980 4.90 2 1 1 0  2 

46 259 5.63 2200 30.0 - - 1 S 
Dai ly  T o t a l s  246 1239 5.04 

LC3 175  4.07 6/12-13 0000 30.0 - - 1 6 
Dai ly  T o t a l s  43 17  5 4.07 
6/14-15 2200 7.0 200 1300 6.50 29 186  

2300 30.0 5 3 351  5.57 2 11 
9 1 780 8.57 0000 30.0 - - 3 25 

D a i l y  T o t a l s  354 2431 6.87 

SEASONLU TOTALS 9,282 66,948 7.21 

L/ Dai ly  p e r i o d s  a r e  f rom 1 2  noon of  one day t o  12 noon of  t h e  f o l l o w i x  dday. 



Table 2. Distr ibution of red salmon index catches by day and time period - 
Kvichak River, 1963. 

Hour ly  P e r i o d s  
Index Hours 

2200- 2300- 0000- 3-hour 1200- 0100- 2Q-hour 
Daily P e r i o d  2300 2400 0100 Index 2200 1200 T o t a l  

May 16-17 0 4 5 9 37 - 
17-18 N o  f i s h i n g  due t o  i c e  

18-19 (14) 6- 22- b' 42 0 - 

20-24 No f i s h i n g  due t o  i c e  

1/ 24-25 36,599- (36,599) (36,599) 109,797 122,738L1 - 

25-26 No f i s h i n g  due t o  i c e  

3 1  - June 1 - - 0 0 120 1 6  1 3  6 

9-10 43 3 65 245 743 33,455 - 

( C o n t i n u e d )  



Table  2. D i s t r i b u t i o n  o f  r e d  salmon i n d e x  catches by day and t i m e  p e r i o d  - 
Kv ichak R i v e r ,  1963. 

Hourly Periods 
Index Hours 

2200- 2300- 0000- 3-hour 1200- 0100- 24-5-ur 
Daily Period 2300 2400 0100 Index 2200 1200 Tots l  

1/ Fyke n e t  wi th  8.5'spread used. Counts expanded by f a c t o r  of l.il59 t o  
es t imate  ca tch  wi th  9.0' ne t .  

- 2/ Counts wi th  upper c e l l  only. Counts expanded by f a c t o r  of 197.62% 
(seasonal  r e l a t ionsh ip  between upper and lower c e l l  counts). 



Table 3. Red salmon smolt catch ra t ios  between time periods - Kvichak River, 
1963. 

Index Hours 
2200- 2300- 0000- 3-hour 1200- 0100- Z 4 - k ~ 7 ~  
2300 2400 0100 Index Catch 2200 1200 Catzh 

Seasonal  Catch by 
Time Per iod  347,336 519,230 475,419 1,341,9SS 747,679" 1,50S,24' 3,02:,67" 

Seasonal  3-hour 
Index Catch f o r  
Corresponding 
Days 1,341,985 1,341,985 1,341,985 1,341,985 1,335,630 1,112,703 1,11:,7Ei 

Seasonal  Ra t io  
Between Index 
& Time Per iod  
Catches 0.2588 0.3869 0.3543 1.0000 0 . 5 5 9 ~ ~  1.3552' 2.71~:~ 

* May 30-31 c a t c h  of  43,460 omi t ted  from t o t a l  s i n c e  no 3-how index catch 
i s  a v a i l a b l e  on t h a t  da t e  f o r  comparison. 

_V,2/,2/ - These s u p e r s c r i p t s  a r e  u s e d  i n  Table 4 t o  i n d i c a t e  which cf these  
r a t i o s  were used f o r  i n t e r p o l a t i o n .  



Table 4. Calculated red salmon smolt d a i l y  ca tches  and index po in t s  - 
Kvichak River,  1963. 

Catch 24-hour irdex pol-rs  
2200-0100 24-hour 

Date --- 3-hr .  index 1200-2200 0100-1200 T o t a l  Da i ly  Accumularive 

May 1 6  -17 9 37 (12) 2/ 58 .002 .DO2 

6 -7 16,939 12,417 ( 2 ~ ~ 9 5 1 ) ~  52,317 1.569 109.068 
- 

(continued) 



Table 4 .  Calculated red salmon smolt d a i l y  ca tches  and index po in t s  - 
Kvichak River ,  1963 (cont inued) .  

Catch 24-hour ir.tex poi-rs 
2200-0100 24-hour 

Date 3-hr. index 1200-2200 0100-1200 To ta l  Daily Ac zumulat ls-e 

1/, 2/, L/ - These supe-scripts  r e f e r  t o  r a t i o s  given i n  Table 3 .  - 

(1) The 24-hour catch f o r  Play 17-18 was c a l c d a t e d  by averaging t h e  catches cz 
t h e  bracket ing  n ights .  

( 2 )  May 20-21through May 23-24 were a r b i t r a r i l y  given the  low 24-hour catch ?f 
FIay 19-20 a s  water temperatures were 28-3S0 F. during t h i s  pe r iod  3id no 
s i s s  of migration were evident. 

( 3 )  Although the  May 24-25 catch i s  based on Fishing data from only t;ig hours. 
t h e  381,364 catch ca l cu la t ed  from t h i s  d a t a  is  used. From v i s u a l  2bserva- 
t i o n s  of t h e  migration during p a r t s  of t h i s  day when t h e  ne t  coulc not be 
f i s h e d  it was es t imated  t h a t  t h e  24-hour migration was a t  l e a s t  1 G  index 
points .  

(4) A s  temperatures during Flay 25-26 were 38' F., t h e  es t imate  of t he  catch 
f o r  t h i s  day was ca l cu la t ed  by averaging the  bracketing n igh t s  (tcken the  
water temperature was 36' F. f o r  each n igh t ) .  

(5) This missing index per iod  catch was ca l cu la t ed  by averaging t h e  r s ~ u l t s  
obtained by us ing  t h e  r ec ip roca l s  of r a t i o  L/ ( 1 ) on t h e  1230-2200 
ca tch  and r a t i o  2/ ( 1 ) on the  0100- (0.5598 ) 
1200 catch. ( 1.355 ) 
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Figure 2 .  Daily index catches of red salmon smolt - Kvichak River ,  1963. 



Age, Size ,  and Condition of the 1963 Smolts 

Age determination i s  important in the  smolt enumeration because the time red 
salmon s tay  in freshwater may vary sharply between brood years.  In the Kvichak 
system, length (snout t o  t a i l  fork)  measurements form the  basis  f o r  separating 
Age I smolt from Age I1 smolt, a s  the  Age I1 smolt a re  usually d i s t i n c t l y  l a r -  
ger. However, in the length frequency d i s t r i bu t i on ,  the lower pa r t  of the  Age 
I1 smolt length frequency curve may p a r t i a l l y  overlap the upper pa r t  of the 
Age I smolt length frequency curve. Scale analys is  i s  used t o  determine the 
point of age separation fo r  t h i s  overlapping portion of the length frequency 
d i s t r i  bution. 

All length measurements col lec ted i n  1963 were from l ive  smolts anesthetized in 
MS 222 (Tricai ne Methanesul phonate) solut ion.  One or  more 1 -pound samples 
were randomly taken each night from the fyke net  catches during photo-electr ic 
counter cal i brat ion periods (2200-2300 and 0000-0100). Afternoon length samples 
were taken when the r u n  was heavy enough t o  enable ca l ib ra t ion  during t h i s  pa r t  
of the  day. From previous y e a r ' s  observations, no s ign i f i can t  length d i f f e r -  
ences have been observed between day and night samples; therefore ,  a l l  length 
frequency samples f o r  each 24-hour period were combined. These length frequency 
samples were then weighted by catch s i z e  f o r  t h a t  period (see l a s t  section on 
general procedures-length frequencies)  and combined t o  produce Table 5 ,  the 
seasonal weighted length frequency d i s t r ibu t ion .  This d i s t r ibu t ion  i s  plotted 
in Figure 3. 

During the  season, while taking length measurements, scale  samples were a l so  
taken from approximately 5-10 f i s h  per night in  the  intermediate s i z e  range 
(80-90 m m ) .  Ages of smolt from the overlapping section of the length frequency 
d i s t r ibu t ion  curve were used t o  a r r i ve  a t  the  separation point of 87.5 mm. 
When t h i s  separation point was applied t o  the weighted length frequency d i s t r i -  
bution,  a calculated 2.68 percent of the  smolt were Age I and 97.32 percent 
were Age I1 smolts. The weighted length frequency d i s t r ibu t ion  was a l so  used 
t o  ca lcu la te  the  mean length of 83.32 mill imeters f o r  the Age I smolts and 98.34 
mill imeters f o r  the  Age I1 smolts. 

Smolt condition s tudies  have not been given uniform treatment in pas t  repor ts .  
Consideration of mean length and weight, when calculated separate ly  are  not a 
t r ue  measure of condition. The two methods of determining condition commonly 
used in smolt s tud ies  a re  ( a )  year ly  comparisons of mean weight i n  grams f o r  a 
standard s e r i e s  of length groupings; and (b )  K = (grams mean weight) (105) / 
(mm mean length)3  f o r  a standard s e r i e s  of length groupings. Neither method has 
been maintained f o r  the Kvi chak River smol t s .  

Four condition samples were taken during the 1963 smolt season t o  which both 
methods l i s t e d  above were applied and the  r e s u l t s  a r e  summarized i n  Table 6. 
Weighting by smolt catch d i s t r ibu t ion  gives a seasonal mean weight and mean K 
(condition f ac to r )  value f o r  each 3 mm s i z e  groupings. Further weighting by 
length-frequency d i s t r ibu t ion  i s  needed t o  produce the t o t a l  mean seasonal weight 
and condition values f o r  each age group. Age I smolts had a mean weight of 4.78 
grams and mean K value of 0.817. Age I1 smolts had a mean weight of 7.49 grams 
and a mean K value of 0.780. 



Table 5. Red salmon srnolt weighted length frequency d i s t r ibu t ion  - Kvichak 
River, 1963. 

One Checlc Two Check 
mm Weighted mrn Weighted 

iength number of smolt length number --- of smolt 

TOTAL 113,338 

Percentage of ruli: 2-68 
Msan length: 83-32 mm, 

TOTAL 4,116,093 

Percentage of run: 97-32 

Mean length: 98-31! mrn, 



Figure 3. Red salmon smolt seasonal weighted length frequency d i s t r ibu t ion  - 
Kvichak River, 1963. 



Table 6. Red salmon smolt condition summary, Kvichak River, 1963. 

Index Catch: Index Catch: Index Catch: 

l~ 1 I e i ~ h t i n c  f a c t o r s  of 0.1518 f o r  the  87 nn &e f s n o l t  and 0,282 f o r  the 88-89 mn Age 11 s n o l t  combined yield Oc1800 

f o r  the 07-89 an snol t ,  



Eva lua t i on  o f  Kvichak R i v e r  Smolt Data Since 1955 

Table 7  p resen ts  a  summary o f  t h e  smol ts  produced f rom each pa ren t  escapement 
t o  t h e  Kvichak system s ince  1952. The magnitude o f  smol t  m i g r a t i o n s  a r e  
based on c a l c u l a t e d  24-hour catches a t  t he  index s i t e .  The r i g h t  hand column 
shows t h e  r a t i o  o f  smol ts  t o  pa ren t  escapement. It should be no ted  t h a t  due t o  
t h e  i ndex ing  procedures, t h i s  i s  n o t  an abso lu te  f reshwater  s u r v i v a l  va lue  b u t  
r a t h e r  a  r e l a t i v e  index o f  s u r v i v a l  t o  smo l t  stage. Table 8 p resen ts  mean 
leng ths  and we igh ts  f o r  these smolts,  w i t h  t h e  da ta  be ing  graphed i n  F igu re  4. 

A l though data i s  a v a i l a b l e  f o r  o n l y  e i g h t  complete years,  these r e l a t i v e  su r -  
v i v a l  index  va lues  show t h a t  t he  e f f i c i e n c y  o f  smol t  p roduc t i on  p e r  spawner t o  
inc rease  as t he  magnitude o f  t h e  p a r e n t  escapement increases.  Th i s  t r e n d  can 
be f u r t h e r  demonstrated by comparing t h e  mean r e l a t i v e  smol t  s u r v i v a l  indexes 
produced by t he  f i v e  years  o f  under two m i l l i o n  escapement w i t h  t h e  t h r e e  years  
o f  over  two m i l l i o n  escapement. The low escapement l e v e l s  have a  geometr ic 
mean r e l a t i v e  s u r v i v a l  r a t e  o f  0.140 w h i l e  t h e  h i g h e r  years  have a  mean o f  0.373 
o r  b e t t e r  than t w i c e  as h i g h  a  r e l a t i v e  s u r v i v a l  index. Whi le  i t  i s  t r u e  t h a t  
one o f  t h e  low escapements, 1955, had a  h i g h  s u r v i v a l  index and t he  i n te rmed ia te  
escapement, 1957, had a  low s u r v i v a l  index, t he  genera l  t r e n d  o f  t he  a v a i l a b l e  
data i s  toward a  h i ghe r  r e l a t i v e  smo l t  s u r v i v a l  p e r  spawner f o r  l a r g e r  escape- 
ments. It may be t h e o r i z e d  t h a t  t h e  low r e l a t i v e  s u r v i v a l  index f rom t h e  1957 
escapement was due t o  h i gh  m o r t a l i t y  i n c u r r e d  by compe t i t i on  w i t h  o r  f ood  deple- 
t i o n  i n  t h e  l a k e  by t he  l a r g e  smo l t  popu la t i on  produced by t h e  1956 spawning. 
Also, comparison o f  t h e  r e l a t i v e  s u r v i v a l  i n d i c e s  f o r  t h e  1956 and 1960 escape- 
ments i n d i c a t e s  t h a t  t h e  1960 escapement was n o t  as e f f i c i e n t  i n  smo l t  p roduc t i on  
as t h a t  o f  1956 a l though i t  was l a r g e r .  It c o u l d  be hypothes ized t h a t  t h e  p ro -  
geny o f  t h e  1960 escapement had a  h i ghe r  m o r t a l i t y  due t o  an excess ive number 
o f  f ry  i n  t he  l ake .  However, t h e r e  i s  n o t  enough da ta  t o  s t r o n g l y  suppor t  e i t h e r  
o f  t h e  l a s t  two statements. Apparent m o r t a l i t i e s  cou ld  be due t o  severa l  d i f f e r -  
e n t  f a c t o r s  i n c l u d i n g  v a r i a t i o n s  i n  smo l t  i ndex ing .  No accura te  statements about 
optimum escapement can be made on t h e  bas is  o f  t h e  a v a i l a b l e  data,  b u t  t h e  t r e n d  
o f  changing spawner e f f i c i e n c y  observed here cou ld  be a  ma jo r  f a c t o r  i n  t h e  
development o f  dominant c y c l e  years  wh ich  have been c h a r a c t e r i s t i c  o f  t he  Kv i -  
chak system. 

A summary o f  weighted and smoothed l e n g t h  f requency d i s t r i b u t i o n  f o r  Kvichak 
R i v e r  smol ts  f o r  1955 through 1963 i s  shown i n  F igu re  5. From t h i s  f i g u r e ,  t h e  
1963 smo l t  ca t ch  i s  shown t o  have comprised t h e  sma l l es t  s i z e  Age I 1  smol ts  on 
record.  

The mean l e n g t h  and we igh t  o f  smol ts  compared t o  t h e  magnitude o f  t h e  m i g r a t i o n  
i s  shown i n  F igu re  6. (Note 3 years  o f  m i ss i ng  we igh t  da ta  when l e n g t h  da ta  
was a v a i l a b l e ) .  From t h i s  f i g u r e  i t  i s  e v i d e n t  t h a t  f o r  Age I 1  smolts,  a  
steady decrease i n  bo th  l e n g t h  and we igh t  i s  produced w i t h  i n c r e a s i n g  numbers 
o f  smol t  i n  t h e  m ig ra t i on .  However, f o r  t he  Age I smolts,  no apprec iab le  
decrease i n  l e n g t h  o r  we igh t  i s  e v i d e n t  i n  smol t catches o f  over  100,000 (3.0 
index p o i n t s ) .  Th i s  suggests t h a t  i n  years  o f  l a r g e  abundance, compe t i t i on  
among Age I smol ts  i s  n o t  as severe as i n  the  Age I 1  smol ts  which spend one 
more yea r  i n  t he  lake .  



Table 7 .  Red salmon parent  escapement and r e l a t i v e  smol t production ( f i s h  
in  thousands) - Kvichak River ,  1955-61. 

Parent 24-hour index catch Percent i n  age classes .  24-hour index smolt 
Year Escapement 1-checlc 2-check To ta l  1-check 2-check Per Parent Escapement 

1952 5,970 -- ('I 242 - - - - - - - - 

( I )  1-check smolt from parent  year 1952 migrated i n  1954, 

(2) 2-checlc smolt from parent  year 1961 w i l l  no t  migrate u n t i l  1964. 



Table 8. Average length and weight of red salmon smol t ( f i sh  in thousands) - 
Kvichak River, 1952-61 . 

Year of Parent 24-hr, index catch Average length (mm) Average weight 
Escapement l-check .2-check 1-check 2 -check 1-check 2-check 

19 5 2 -- ('1 242 - - 109 - - -- (3) 

1953 18 47 89 116 - - (3) -- (3) 

1956 3,267 2,778 84 99 4.6 7.6 

19 57 86 553 8 0 10 8 -- ''I 10.3 

(1) 1-check smolt from parent year 1952 migrated i n  1954, 

(2) 2-check smolt from parent year 1961 w i l l  not migrate u n t i l  1964. 

(3) Weight samples not taken. 

(4) Weight samples inadequate, 
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Length of Smolt  in Mil l imeters  

Figure 4. Red salmon smolt weighted length frequencies smoothed by moving 
averages of three  (arrows separate Age I and Age I1 smolt) - 
Kvichak River, 1955-63. 
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Age 11 Smolt 

Age I Smolt 

Figure 5. Red salmon smolt index catches and corresponding lengths and 
weights of smol t - Kvichak River, 1955-63. 
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Figure 6. Location of index f i sh ing  s i t e  ( four  miles below o u t l e t  of Lake 
Iliamna) - Kvichak River, 1963. 
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In consideration of t h i s  data i t  should be pointed out t ha t  the e f f ec t  of age, 
s i z e ,  and condition of smolts on ea r ly  marine survival may be of great  s i gn i f i -  
cance, b u t  has not been adequately studied. Other unknown but potent ia l ly  s ig-  
n i f i can t  fac to rs  which could great ly  influence smolt survival a f t e r  the time of 
indexing a r e  the seasonal changes in r iver  water level , sal in i  t y ,  be1 uga whale 
and other predation, e tc .  

Conclusions 

The index method of fyke nett ing i n i t i a t e d  i n  1955 was continued i n  1963 with 
two major exceptions: (1)  photo-electric counters were used whenever possible;  
and ( 2 )  24-hour f ishing replaced the normal f ishing of index hours (2200-0100 
hours). 

Excessive ice  flow a t  the beginning of the  smolt migration made some subjective 
treatment of the data necessary. However, t h i s  subjective treatment was kept 
a s  conservative as  possible. The calculated 24-hour smolt index catch was 
4,229,431 srnolts o r  126.9 index points ,  the  highest on record. The catch was 
composed of 2.68 percent Age I smol t s  and 97.32 percent Age I1  smol t s .  Mean 
length,  weight, and condition values f o r  the Age I smolts were 33.32 mm, 4.78 
grams and 0.81 7 respectively;  mean length,  weight, and condition values f o r  the  
Age I1 smolts were 98.34 mm,  7.49 grams, and 0.780 respectively,  the  smallest  
values recorded f o r  Age I1 smolts from t h i s  system. The calculated 3-hour index 
catch was 1,380,803 smolts or 72.19 3-hour index points. 

A review of the avai lable  pas t  data strongly suggests a general trend toward 
increased smolt production per spawner w i t h  increased escapements. There i s  
not y e t  enough data avai lable  t o  def in i te ly  es tab l i sh  a level of optimum adul t  
escapement. Although length and weight of Age I1 smolts a r e  apparently depressed 
w i t h  increased escapement s i z e  (this is l e s s  apparent with Age I smol t s ) ,  the 
r e l a t i ve  smol t survival index has s t i l l  generally increased. This would indi- 
ca te  t h a t  the rearing areas in the  Kvichak system a re  not being over-uti l ized.  
Additional data will be necessary t o  determine the e f f ec t s  of various phenomena 
w i t h i n  a cycle. I t  i s  possible t ha t  even large escapements i n  years other than 
the  main cycle year may be r e l a t i ve ly  unproductive. Smol t production from the  
1961 escapement should shed some l i g h t  on what happened t o  the progeny of the  
1957 r u n ,  s ince both years followed an exceptionally large previous y e a r ' s  
escapement. The actual returns from the  1960 escapement should help t o  indicate 
whether there  was a smaller production fo r  t h i s  year than f o r  the  smaller 1956 
escapement. I t  should be pointed out t ha t  the reason fo r  the high percentage 
holdover of Age I1 smolts from the 1960 escapement i s  not known. As i s  shown 
i n  Table 7 ,  the  percentage of Age I and Age I1  smolts produced i s  not apparently 
re leated t o  the  s i ze  of the  parent escapement. Small escapements have a l so  
produced high percentages of Age I1  smolts. 

General Procedures Used in Collection and Analysis of Data 

Location of the fyke net s i t e  

The index f i sh ing  s i t e  i s  located approximately four miles downstream from the  
lake ou t l e t .  This s i t e  was found most favorable f o r  several reasons. As shown 
in Figure 6 a large ,  gradually sloping gravel bar of appropriate depth i s  located 



near mid-channel where water v e l o c i t y  ma in ta ins  an i d e a l  3.5 f t  per  second. 
Such a  s lop ing  gravel  bar  i s  essen t i a l  as r i v e r  depth c h a r a c t e r i s t i c a l l y  r i s e  
s t e a d i l y  d u r i n g  the  smol t  season and the  n e t  s i t e  must u s u a l l y  be moved fa r -  
t h e r  up on t h e  bar  two o r  t h ree  t imes du r i ng  the  season t o  ma in ta in  t he  c o r r e c t  
f i s h i n g  depth o f  3 '10".  An at tempt  i s  made t o  ma in ta in  t h e  opening o f  t h e  f y k e  
n e t  approx imate ly  abreast  o f  t he  index stake l oca ted  on t h e  shore about 50 f e e t  
upstream f rom the  camp s i t e .  

S e t t i n g  and p u l l  i n g  o f  the  n e t  

Due t o  a  r a t h e r  unstable bottom o f  f i n e  gravel ,  spec ia l  care  i s  needed t o  o b t a i n  
a  proper anchor s e t  and avo id  l a t e r  dragging o f  t h e  anchors. Two 75-100 pound 
yachtsman anchors t i e d  i n  s e r i e s  a re  used on each l i n e .  A  separate p iece  of 
l i n e  about 15 f e e t  l ong  should be t i e d  f rom t h e  upstream anchor t o  the  bottom 
f l u k e  o f  t he  downstream anchor. A t  l e a s t  150 f e e t  o f  l i n e  i s  requ i red  f o r  each 
anchor set .  I f  l i n e  heavier  than 3/4" i s  used f o r  t h i s ,  added water  res i s tance  
w i l l  increase the  chance o f  anchor drag. 

The r i g h t  hand b r i d l e  i s  at tached v i a  re lease r i n g s  and a d j u s t i n g  l i n e  as shown 
i n  F igure  7. The l e f t  hand b r i d l e  i s  at tached d i r e c t l y  t o  t h e  a d j u s t i n g  l i n e  
r i n g  by a  snap swive l .  Ad jus t i ng  l i n e s  are  needed t o  ma in ta in  an equal angle 
o f  p u l l  i n  bo th  l i n e s  and prevent  t h e  f yke  n e t  f rom excess bagging a t  one wing. 

Once t h e  anchor and a d j u s t i n g  l i n e  a r e  o f  proper  leng th ,  t h e  n e t  i s  s e t  i n  t he  
f o l l o w i n g  manner. The n e t  i s  p laced i n  t h e  bow o f  t h e  f yke  n e t  s k i f f  w i t h  t he  
bottom o f  t he  4  x 4  f o o t  frame over t he  p o r t  gunnel, and a l l  l i n e s  a re  c a r e f u l l y  
so r ted  and p laced t o  avo id  tang le .  The small s k i f f  i s  t i e d  behind the  f yke  n e t  
s k i f f .  A f t e r  a l l  equipment i s  p laced i n  t h e  f yke  n e t  s k i f f ,  one man stands a t  
t he  bow and one man operates t h e  motor. The o f f s h o r e  f l o a t  i s  p icked up and 
snapped t o  t h e  bow o f  t h e  s k i f f .  The s k i f f  i s  then run  s l i g h t l y  upstream and 
over t o  t h e  inshore  l i n e ,  which i s  p icked up w i t h  a  g a f f  hook. With t h e  boat 
s t i l l  under power, t he  bow man r e t r i e v e s  both a d j u s t i n g  l i n e  r i n g s  and s l i p s  
them over  t he  bow ho ld ing  peg, a t  which t ime t h e  motor i s  shut  o f f  and t i l t e d  
above water. The b r i d l e  snap and qu ick  re lease r i n g  a re  a t tached t o  t h e  a d j u s t -  
i n g  l i n e  r i n g s .  When a l l  l i n e s  a re  double checked, t he  a d j u s t i n g  l i n e  r i n g s  are  
unhooked and the  bow man holds one s e t  o f  b r i d l e  l i n e s  i n  each hand. The o t h e r  
man holds t h e  l e f t  wing spreader bar.  A t  a  g iven s igna l  t h e  l e f t  b r i d a l  l i n e  i s  
thrown overboard and the  bow man p i c k s  up t h e  r i g h t  wing spreader bar.  He s l i d e s  
h i s  g r i p  down the  b r i d l e  ropes, ma in ta in ing  tens ion  on t h e  re lease mechanism. 
As tens ion  comes t o  bo th  spreader bars, bo th  men re lease t h e i r  g r i p  and q u i c k l y  
s l i d e  t h e  4  x  4  f o o t  frame over  t h e  gunnel. Whi le t h e  mid-ship man r a p i d l y  
c l e a r s  t h e  n e t  hoops, t h e  bow man grabs t h e  frame b r i d l e  and hangs on. The 
n e t  frame i s  l i f t e d  o f f  t he  bottom several  t imes u n t i l  i t  se ts  p e r f e c t l y  per -  
pend icu la r  t o  t h e  c u r r e n t  and e l im ina tes  any wing bagging. The boat  i s  snapped 
t o  the  l e f t  corner  frame o f  t h e  n e t  and t h e  quick-re lease l i n e  p i cked  up and 
fastened t o  t he  r i g h t  corner  o f  t h e  frame. The 18- inch attachment r i n g  i s  then 
r a i s e d  above water  so t h e  cod-end o r  photo-count ing tunnel  may be attached. 

I n  p u l l i n g  t h e  net ,  the  f i r s t  procedure i s  t o  remove the  cod-end o r  count ing  
tunnel .  The mid-ship man p u l l s  t he  re lease l i n e  t o  co l l apse  the  n e t  w h i l e  
t h e  bow man holds the  n e t  frame. The n e t  i s  p u l l e d  over  t h e  s ta rboard  gunnel 
(18" r i n g s  f i r s t )  and the  re lease l i n e  i s  r e t r i e v e d  t o  prevent  t a n g l e  i n  t he  



Figure 7. Right wing anchor 1 ine showing quick re lease  mechanism - Kvichak 
River, 1963. 
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outboard. When the motor i s  s t a r t ed  t o  take tension off the l e f t  wing br id le ,  
the  bow man brings in the  l e f t  wing and unsnaps the  r ing.  The net  i s  then 
taken ashore and t i e d  t o  posts to dry in an open posit ion.  I t  i s  best cleaned 
with a brush while s t i l l  wet. 

Both s e t t i ng  and pull ing of the net may a l so  be done w i t h  three  men taking the 
operation eas ie r .  

Ice and debris  ~rob lems  

A t  the beginning of the  smolt season, i c e  f l oe s  a r e  frequently a problem on the  
Kvichak River. When ice  i s  running i n  the  r i v e r ,  the  counters should not be 
used. Small i ce  f l oe s  which a r e  caught in the net  will quickly melt,  but when 
larger  pieces threaten,  the  net  should be pulled. I f  i ce  i s  too th ick t o  f i s h  
the net ,  every e f f o r t  should be made t o  anchor a boat from the  offshore l i n e  to  
make visual observations of smolts passing. This i s  be t te r  than no data. 

When strong northeast winds blow down Lake Iliamna and a surf  develops a t  the 
o u t l e t ,  algal  debris  in the water becomes a problem. In these circumstances 
the  debris  will s t i c k  t o  the  net  webbing and i f  not constantly brushed will  clog 
the  ne t ,  severely reduce i t s  catching a b i l i t y ,  inval idate  the  data ,  and l i ke ly  
cause the anchors t o  drag. Although frequent brushing of the  net  wil l  great ly  
help, the  net should be periodically changed so t h a t  the bottom and lower s ide  
may be cl eaned. 

Normal f i sh ing  procedure and data processing 

When catches a r e  small and the net  will not be l e f t  f o r  periods of over 112 hour, 
or  when i ce  i s  running in the r i v e r ,  the net  may be f ished by using the unmodi- 
f i ed  cod-ends. In t h i s  case the  r ing l i n e  i s  used to  r a i s e  the attachment r ings ,  
and holding the  r ing above the water to  prevent any smolts from passing, the 
cod-end i s  attached and lowered. The time when the r ings were f i r s t  brought 
above the  surface i s  noted and recorded i n  a f i e l d  book. When catches of about 
20 pounds have accumulated i n  the cod-end, or  a t  l e a s t  every one-half hour, the  
cod-end should be ra i sed ,  the  time noted and recorded, the  cod-end removed and 
another cod-end attached before the  r ings a r e  again lowered and the  time 
recorded. The cod-end i s  emptied in to  a screen mesh weighing basket immersed 
in a wash tub two-thirds f u l l  of water. I f  the catch i s  l e s s  than two or  three  
pounds, i t  should be counted. Larger catches a r e  weighed by l i f t i n g  the screen 
basket out of the tub and hanging i t  from a scale  attached t o  a davit .  Five 
seconds a r e  allowed f o r  the  water t o  drain o f f ,  a t  which time the weight i s  
noted and recorded. The basket i s  again s e t  in to  the  water and a random one- 
pound sample scooped out and put in to  a pail  of water before the smolt basket 
contents a r e  released over the  s ide .  The one-pound smolt sample in the  pail  may 
be counted and released or  saved fo r  length frequency or  condition samples. I f  
f o r  some reason t he  counter cannot be used and during t h i s  time the  migration 
becomes too heavy fo r  the crew t o  keep up w i t h  the cod-end catch,  the cod-end 
should be f ished in termit tent ly  with a l l  times careful ly  noted and recorded. 

Photo-electric counter operation and cal ibra t ion 

Before operation, the  photo c e l l  uni ts  i n  the  counting tunnel should be checked 



t o  see t h a t  they a re  f r e e  of condensation, t i gh t l y  sealed,  and c losely  al igned.  
The two counters (with rheosta ts  on f u l l  power) a r e  placed i n  the special fyke 
net  sk i f f  box with 12 vo l t  bat tery  and transformers. All e l e c t r i c a l  connections 
a r e  made and the counter t e s ted  with a one-fourth inch metal rod o r  pencil .  I t  
i s  very c r i t i c a l  t h a t  before the fyke net i s  s e t ,  the  tunnel is  p u t  on the 18" 
attachment r ing and checked t o  see t h a t  no spaces large  enough f o r  m o l t  passage 
occur between the  net  r ing and tunnel. When the  ne t  i s  s e t  and the tunnel i s  
t o  be p u t  on, i t  i s  careful ly  lowered by the  attachment l i ne s .  The counters a r e  
then turned on and the  photo c e l l s  checked by use of a s t i c k  with a one-quarter 
inch metal rod 8-10" long attached. T h i s  rod i s  worked up and down in the 
middle of the  tunnel aperature t o  break the l i g h t  beams. The counting tunnel 
should a l so  be adjusted w i t h  the  l i n e  so t h a t  i t  i s  several inches above the  
r i ve r  bottom and counts approximately equal numbers of smolts on each c e l l .  
The photo-counters a r e  then r e se t  (preferably when no f i s h  a r e  passing).  Count- 
e r s  a r e  checked, counts recorded, and r e s e t  every hour on the hour. During low 
migration l eve l s  w i t h  no i ce  o r  algal  debr is ,  longer periods may be missed, but 
the 1200-2200, 2200-2300, 2300-2400, 0000-0100, and 01 00-1 200 hour period units 
should always be observed. Bat ter ies  a r e  frequently checked and changed f o r  
recharging a f t e r  a maximum of 8 hour ' s  operation. 

Proper photo-counter ca l ib ra t ion  requires an a l e r t ,  well coordinated crew of 
th ree  people, although i t  can be accomplished by two when the r u n  i s  l i gh t .  
Calibrat ion i s  done during the hours of 2200-2300, 0000-0100 and one afternoon 
hour when the run i s  heavy enough t o  obtain 200 counts per hour. The object  i s  
t o  determine the  number of smolts passing and r a t e  of passage f o r  a pre-estab- 
l i shed to ta l  count on the  counter. Procedure of ca l ibra t ion wil l  be given here 
a s  a running account, using the data from the  May 30, 1963, 0000-0100 hours ca l -  
ibra t ion a s  a suggested sample of the procedure f o r  f i e l d  and fyke net  log 
entering.  

Operator #I Recorder and time keeper, i s  positioned in the  bow of the  
fyke net  sk i f f  t o  read the counters. He i s  equipped w i t h  
a f i e l d  book, wrist watch, and f l a sh l i gh t  o r  shaded lantern .  

Operator #2 Tunnel l i f t e r  and smolt weigher i s  positioned mid-ship. He 
i s  equipped w i t h  a strong back. 

Operator #3 Cod-end zipperer,  a t t acher ,  and sample weigher i s  positioned 
mid-ship and t o  the  s te rn .  He i s  equipped with a headlight ,  
ex t ra  cod-end pins ,  a f r y  basket, and 3 - 1b. scale .  

The example procedure i s  a s  follows: Operator #1 checks h i s  watch and when the  
ca l ib ra t ion  hour (0000) a r r i ve s  he records the upper c e l l  (2450) and lower c e l l  
(1190) counts s ince  the  l a s t  check (2300 hrs.) .  He r e se t s  the counters and 
leaves them running unt i l  the crew is in posit ion.  Then he reads off  the sec- 
onds t o  go unt i l  the next completed minute (0002) approaches, a t  which time he 
y e l l s  "Go" and records the counts (36-8) before Operator #2 has brought the 
tunnel above the water surface.  When Operator #3 has attached the zippered 
cod end t o  the  r ing,  Operator #2 immediately y e l l s  "Down" and lowers the tunnel .  
A t  t h i s  signal Operator #1 s t a r t s  h is  stopwatch and punches both counter r e s e t  
buttons. He then looks a t  h is  wristwatch and records the time of t h i s  s t a r t  
(0002-10). Operator #1 watches and l i s t e n s  t o  the  counter, counting out  each 



c l i ck  (each 10 counts) heard. When the counters approach 20 c l i ck s  (200 counts) ,  
Operator #2 and #3 take t h e i r  posi t ions .  As the 20th c l i c k  i s  reached, Operator 
#I y e l l s  "Up", and punches his  stopwatch and records the counter t a l  lys  (1 50-50). 
Only the d i g i t  wheels a r e  read,  then mult ipl ied by 10 in order t o  f a c i l i t a t e  
recording. The f a c t  t h a t  the actual t o t a l  count may range from 200 t o  209 i s  
considered ins ign i f i can t .  During this time Operator #3 has removed the f u l l  
cod-end and places i t  in the tub,  where he wil l  open the zipper. Operator #2 
lowers the tunnel ,  and when submerged y e l l s  "Down". Operator #1 then punches 
the r e s e t  buttons and records the time (0002-54). While operator #2 weighs the  
catch and Operator #3 takes and counts a one-pound sample, Operator #1 records 
the stopwatch time (18 m i n .  40 sec.) f o r  the  catch.  He a l so  receives and records 
the number of pounds (17) of the catch and the number of f i s h  (61) per pound. 
If  the  f i s h  a re  t o  be saved f o r  a length-frequency ( L F  63-11) i t  should be noted. 
When t h i s  i s  done and a l l  operators a r e  ready f o r  another c a l i b r a t i on ,  Operator 
#1 again begins a countdown to  the nearest  minute (0027-O), y e l l s  "Go" and 
records the  time and counter numbers (30-10). Procedures continue a s  before, 
however i n  the i l l u s t r a t e d  case the  200 count was not reached before the end of 
the  hour. When 0100 hours a r r ived ,  the number of pounds (6 )  and number of f i s h  
(61) per pound were recorded and the ca l ib ra t ion  ended. 

This data would appear in the f i e l d  book a s  below: 

Upon a r r iv ing  back a t  the camp s i t e  o r  scows, the f i e l d  data should be recorded 
i n  the  fyke ne t  log. A sample page showing method of f i l l i n g  out  f o r  both cod 
end and photo-electr ic methods i s  given i n  Table 9. Note t h a t  the previously 
given hour of ca l ib ra t ion  i s  included here. 

Length Frequency Measurements 

A random one pound length frequency sample should be taken from the cod end 
catches during every hour of ca l ib ra t ion .  These f i s h  a re  kept in a 3-gallon 
pail  of water and e i t h e r  p u t  in a live-box f o r  measurement the  next day o r  pref-  
erably measured the  same evening. Equipment needed i s  a measuring board (con- 
s i s t i n g  of a millimeter r u l e  glued t o  a smooth f l a t  board, and w i t h  a squared 
wood nose block glued a t  the zero mil 1 imeter mark), and a length frequency form 
a s  shown in Table 10. Also needed i s  a 3-gallon pail of mixed anesthet ic  and a 
3-gallon pail  of f resh  water, a s  length frequency measurements should be done 
w i t h  anesthetized f i s h .  The suggested procedure f o r  anesthetizing i s  t o  use 
MS 222 mixed i n  a stock solution ( t h r ee  grams per quar t )  and stored i n  a dark- 
ened bo t t l e .  This stock solution i s  then mixed one par t  t o  100 pa r t s  of water 
f o r  use, o r  100 m i l l i l i t e r s  per 3-gallon pail  of water. The di lu ted MS 222 





Table 10. Smol t length-frequency form. 
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should not be kept more than two days. For measuring smolt, approximately 
10-12 f i s h  a t  a time a r e  scooped from the pail and p u t  i n  the anesthet ic .  
When anesthetized,  t h e i r  lengths a r e  read in millimeters from snout to  t a i l  
fork and the lengths a r e  then t a l l i e d .  The measured f i s h  a r e  e i t h e r  returned 
to  a pail of f resh water f o r  recovery and re lease ,  or  l a i d  i n  formalin i n  a 
f l a t  enamel pan fo r  a t  l e a s t  12 hours p r io r  t o  being bott led f o r  preservation. 
From measurement of smolts preserved in formalin f o r  12 hours and in ten per- 
cent formalin f o r  approximately 4 months, a mean shrinkage i n  length of 3.7 
percent was found. 

Scal e Sampl e s  

Scales from approximately f i ve  smolts i n  the  in termit tent  s i z e  groups should be 
taken with each length frequency sample. These scales  (approximately 6-8) a r e  
scraped w i t h  a scalpel blade from a mid-lateral area between the dorsal and 
adipose f i n .  They a r e  then smeared on a glass  s l i d e  and separated w i t h  needle 
o r  scalpel point .  The s l  ides have been previously prepared by placing a sec- 
t ion of masking tape around each end, so t ha t  sample and length data may be 
recorded on the end tape. No cover g lass  i s  used, a s  the masking tape will 
adequately separate  the  s l i de s .  This method of using one s l i d e  per smolt and 
no cover s l i p  has been found t o  great ly  expedite the  taking of m o l t  scales  i n  
the f i e l d .  

Condition Sample 

Condition samples should be made approximately every four days during the  major 
portion of the  m o l t  migration. These s tudies  a r e  always done with l i v e  smolts 
which a re  l a t e r  preserved. The procedure i s  t o  obtain a random 2-pound sample 
from the  f i r s t  evening ca l ib ra t ion  check. This sample i s  taken back t o  the 
scows where proper l i g h t  and a large  working tab le  a r e  avai lable .  The equipment 
needed i s :  (1) 20 shallow containers w i t h  l i d s  and screens one-quarter inch 
from the bottom; (2)  a balance (preferably a t r i p l e  beam) ; (3)  forceps; (4) a 
smolt measuring board; (5)  an enamel pan w i t h  formal i n ;  (6)  a pail of MS 222 
solution;  and ( 7 )  length frequency and condition sample forms. The procedure 
i s  t o  f i r s t  re-weigh two pounds of smolts and place them i n  one l o t  i n to  the 
MS 222. When they a re  well anesthetized,  each f i s h  i s  measured and placed i n  
the  appropriate length-labeled container unti l  10 f i s h  of each 3-millimeter 
length group a r e  obtained. The container l i d s  should be constantly closed t o  
prevent dehydration of the  smolts. When the  two-pound length frequency sample 
is  completed, each container i s  weighed. The f i s h  a re  then removed w i t h  forceps,  
p u t  in the formal i n  with the surplus f i s h ,  and the empty container and l i d  
weighed t o  obtain the exact weight of the drained f i s h .  Scale samples should 
not be taken unt i l  the  f i s h  a r e  weighed and being put in to  formalin. All data 
i s  recorded on the condition sample form (Table 11) .  Completion of calcula t ions  
on these condition sample sheets may be done a f t e r  the season. 

Weather Observation Records 

Daily weather records a r e  kept during the fyke net  and tower counting seasons. 
Time of observation should be kept uniform, preferably a t  2000 hours, which has 
been found most convenient and indicat ive  of conditions a t  the beginning of the  
evening migration. The maximum-minimum thermometer i s  1 ocated i n  an open wooden 



FG-i39 Table 1 1 .  Smol t condition - sample form. 
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box nailed t o  a shading t r e e  beside the  r i ve r  a t  the scow s i t e .  Wind d i rec t ion ,  
veloci ty ,  and cloud cover a r e  estimated a t  the scow s i t e .  The water-level gauge 
i s  located downstream from the r i ve r  landing a t  the scow s i t e  j u s t  opposite a 
2 inch by 4 inch s take w i t h  a nail  bench mark. A metal stake i s  driven i n  the 
water j u s t  offshore,  and a ru l e  taped to  the  stake.  The stake i s  ca l ibra ted 
with the bench mark by placing a sighting level on the  nail bench mark and find- 
ing the  ver t i ca l  distance between the  bench mark and the "zero" reading on the  
gauge. Water l eve l s  a r e  usually taken i n  inches t o  the nearest  tenth.  Water 
temperatures a re  taken a t  the  r i ve r  surface by wading out from the  water level 
stake unt i l  knee deep i n  water. Every night the fyke net i s  f ished,  water temp- 
era tures  should a lso  be taken a t  2200 hours from the  surface a t  the index s i t e  
and recorded i n  the fyke net  log. Location of water temperature readings should 
always be l i s t e d  under remarks i n  the  weather form i f  the index s i t e  reading i s  
used. A sample weather and r i ve r  observation form i s  shown i n  Table 12. 

Enumeration Analysi s 

Once the fyke net  log has been completed and checked f o r  e r ro r s ,  the f i r s t  pro- 
cedure i n  analys is  of enumeration i s  t o  determine the  counter conversion r a t i o s .  
This i s  begun by transcribing the fyke net  counter data i n to  tabular  form as  in 
Table 1. In order to  determine whether the  conversion r a t i o s  should be s t r a t i -  
f i ed  by magnitude of passage r a t e  and/or by seasonal timing, several graph plots  
a r e  of a id .  Figure 1 shows a p lo t  of counting r a t e s  on passage r a t e s .  I f  counter 
eff ic iency were t o  s ign i f ican t ly  change with increasing passage r a t e ,  s t r a t i f i c a -  
t ion by d i f fe ren t  levels  of passage r a t e s  should be used to  form two or  more 
separate l ines .  A graph of changes i n  counter eff ic iency during the  season (not 
included here) should be made to  determine i f  the  r a t i o s  need t o  be s t r a t i f i e d  
by seasonal timing. When t h i s  i s  completed, dai ly  conversion r a t i o s  a r e  exam- 
ined t o  see i f  they f luc tua te  a s  dai ly  uni ts  enough t o  be t reated separate ly ,  
o r  whether one seasonal r a t i o  may be used. In general,  the  l e a s t  necessary 
s t r a t i f i c a t i o n  of the conversion fac tor  i s  considered desirable.  A1 though in  
the past ,  the  counter data has been t reated subjectively,  an analysis  of var i -  
ance model would be well-suited here t o  determine the s t a t i s t i c a l l y  sound appli-  
cation of the  catch-per-count r a t i o s .  

When the conversion r a t i o  treatment has been resolved, a l l  avai lable  hourly 
en t r i e s  should be made i n  the dai ly  catch forms, a s  shown in Table 13. The 
catches a r e  grouped fo r  time uni ts  1200-2200, 2200-2300, 2300-2400, 0000-0100, 
and 0100-1200 hours, with missing hour catches within these  periods being cal -  
culated by expansion of avai lable  catches. Interpolation fo r  an e n t i r e  missing 
time uni t  i s  not made here, so t h a t  these dai ly  sheets will not always give the 
24-hour catch. Time uni t  catches a re  then entered in tabular  form (as  in Table 
2)  so t ha t  seasonal r a t i o s  of time u n i t  catch per index hour catches may be 
determined. The 2200-0100 3-hour index catch i s  used as  a common denominator, 
a s  every e f f o r t  was made t o  have near complete data f o r  t h i s  time u n i t .  

The time uni t  r a t i o s  obtained a r e  applied t o  avai lable  time units  ( a s  in Table 
4) t o  produce calculated 24-hour t o t a l s  f o r  each day of f ishing.  Missed days 
must be interpolated or  given subjective treatment depending upon temperature 
o r  visual observation of the smol t outmigrati on. 



Tab1 e 1 2 .  Weather  observation form. 

Year 



Table 13. Kvichak River d a i l y  ca tch  form. 
Date 6/11-12/63 

Cod End Catches 
Cdlculr  

Photo-Electric Counts 
Calcul. Daily . T s t s l  

'Total Daily Catch 23521 

-36- 

Minureg x m l y  Howlg ?er20d Min. Hcawly Eattnly C c n v .  PeHoc? Per io :  
Hour Fished Catch ?%shed Factor count; Catch Bacto? Catc i  Catch 

1200 
13 00 
1400 
1500 
1600 
1700 
1800 
1 9  00 
2000 
2100 

15 
60 
60 
57 

240 - 
4 

60 

T o t a l s  

4,OO 
2,OO 
1.00 
L O 5  

1.00 

1.00 

18982 

167  
1082 

854 
228 

893 

170 

21092 

568 
1082 
814 

5.04 

239 

893 

170 

1205 

4501 

857 

2853 
5453 
4103 

- 



Length Frequency Analysis 

Length frequency t a l l y  sheets were combined to form daily length frequency dis- 
tr ibutions.  These distributions are then weighted according to  daily fyke net 
catch s ize by use of the following formula: 

Daily Weighting Factor = 
Daily Catch 

Sample Magnitude) (Seasonal ~ a t c h r  

Each daily weighted distribution should be entered on the daily t a l l y  sheet. 
The sum of these weightings for  each millimeter length are added for  the en t i re  
season to produce a seasonal weighted length frequency dis t r ibut ion.  

Scal e Anal ysi s 

As the smolt scales a re  aged, record should be kept of the date of capture so 
t h a t  each day's weighting factor  may be used fo r  the t a l l y  fo r  each mil 1 imeter 
group. These a re  recorded for  the portion of the length distribution in which 
the ages overlap. The length fo r  point of separation i s  calculated by summing 
the numbers of Age I and Age I1 smolt in each millimeter grouping and interpolat-  
ing to  arrive a t  the point tha t  best separates the majority of each age group 
within the overlap. 

Condition Analysi s 

Weight and K values from each 3-millimeter group for  each condition sample are 
transcribed from the condition sample sheets into a form as  in Table 6. The 
seasonal catch i s  then divided into time segments represented by each condition 
sample and each sample given a weighting value equal t o  the portion of the total  
run represented by tha t  time segment. Application of these weighting values 
will produce a mean seasonal gram weight and K value for  each 3-millimeter group- 
ing. To obtain one mean weight and one mean K value representative of each age 
group, i t  i s  also necessary to  weight by length frequency dis t r ibut ion.  For 
th i s ,  the seasonal weighted length frequency distribution i s  used. Each 3-mil 1 i- 
meter group receives a weighting factor  equal to  the length frequency values of 
tha t  3-millimeter group divided by the total  number of smolt in that  age group. 
Thus the sum of the weighting factors  fo r  each age group equals 100 percent. 
When these factors  are  applied t o  the respective weight and K values, the sum 
will produce the mean seasonal weight and mean seasonal K values fo r  each age 
group. 
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Kvichak River Fyke Net Equipment L i s t  

1 fyke net  sk i f f  
1 l a rge  r i v e r  sk i f f  
1 small sk i f f  
1 35-40 h.p. outboard motor, long sha f t  
1 18-28 h .p .  outboard motor, long sha f t  
1 10-18 h . p .  outboard motor, shor t  shaf t  
600 f e e t  3/4 inch manila rope 
300 f e e t  3/8 inch dacron rope 
Misc. r ings ,  swivels, c l i p s  ( includes 1 quick-release r ing)  
5 75-100 1 b. navy anchors 
4 12-vol t truck-size ba t t e r i e s  
1 bat tery  charger 
2 pa i r  ba t t e ry  jumper-cab1 es  
2 bat tery  hydrometers 
1 gas pump 
2 coleman funnels 
2 wall t en t s  (approximately 9 '  x 1 2 ' )  
2 folding co t s  
1 t ab l e  
1 bench 
2 coleman gasoline stoves 
3 p l a s t i c  buckets ( 3  gal .)  
2 wash tubs 
2 f l a t  enamel pans 
1 large  s e t  cooking u tens i l s ,  d ishes ,  e t c .  
1 s e t  of too l s  in tool box 
2 good fyke nets  
3 zippered cod ends (one adapted f o r  tunnel) 
1 fyke net  tunnel 
1 shading tunnel 
4 Veeder-Root photo heads 
4 Veeder-Root e lec t ronic  counters 
2 Heathki t transformers (double o u t l e t )  
Smol t weighing basket 
1 50-lb. Chattilon spring scale  
1 3-lb. spring sca le  
2 f r y  baskets (one with suspension wires and weighted t o  1 Ib . )  
1 1 ivebox (doubl e compartment) 
1 Ohas t r i p l e  beam balance 
20 p l a s t i c  condition containers 
2 srnolt measuring boards 
1 500 m i l l i l e t e r  graduate 
1 25 m i l l i l e t e r  graduate 
2 sca lpe l s  with blades 
3 boxes of g lass  s l i d e s  
24 quart  g lass  j a r s  w i t h  1 ids  
1 r o l l  masking tape 
2 pa i r  surgical  gloves 
3 spools se ine  twine (1 heavy nylon, 2 cotton) 
3 sack needles 



Kvichak River Fyke Net Equipment L i s t  (continued) 

2 scrub brushes 
3 pocket thermometers 
3 f l a sh l i gh t s  w i t h  extra ba t t e r i e s  
1 head1 i g h t  w i t h  extra bat tery  
1 stopwatch 
3 l i f e  jackets 
50 fyke net  log forms 
100 smol t 1 ength-frequency forms 
5 gallons of formal in 
ext ra  bat tery  acid 
150 + gallons of gas01 ine 
25 + quar ts  outboard motor o i l  
20 + gallons blazo 
100 + gal lons of stove oi 1 
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